I n s p i t e of t h i s , almost a l l the cutaneous a p p l i c a t i o n s o f photoacoustic d e t e c t i o n have been done on excised epidermal samples. These studies have shown t h a t the photoacoustic spectrum reveals t h e absorption band o f p r o t e i n s a t about 280 nanometres
and depends on t h e hydration o f the sample through i t s thermal p r o p e r t i e s . The photoacoustic s i g n a l s produced by drugs o r sunscreens g i v e t h e i r o~t i c a l absorption i n s i t u , t h a t i s on and i n the epidermis and t h e i r d i f f u s i o n c o e f f i c i e n t i n stratum corneum' .
At the time being, o n l y Campbell e t a12 and Pines and Cunningham3 reported i n v i v o measurements. The major d i f f i c u l t y i n doing i n v i v o photoacoustic measurements 1 i e s i n the fact t h a t the microphone i n s e n s i t i v e t o the body's movements. W e undertook t o study t h e r e a l n o s s i b i l i t i e s o f such i n v i v o cutaneous photoacoustic spectroscopy. A f t e r various approaches, t h i s l e d us t o construct a photoacoustic d e t e c t o r using a d i f f e r e n t i a l microphone between two i d e n t i c a l c e l l s . I t s c h a r a c t e r i s t i c s a l l o w us t o measure d i f f e r e n t i n v i v o signals w i t h good r e p r o d u c i b i l i t y and signal t o noise r a t i o .

I -EXPERIFIENTAL SET-UP
The o r i g i n a l i t y of the spectrometer resides i n the conception o f the photoacoustic c e l l which must be considered so as t o optimize the signal t o noise r a t i o . One o f the important features o f the conception o f t h i s c e l l i s t o maximizf i t s s e n s i t i v it y by the o p t i m i z a t i o n o f i t s dimensions. According t o Aamodt e t a1 and t o Quimby and Yen5, the optimal dimensions o f t h e c e l l a t 20 Hz modulation frequency and i n standard temperature and pressure conditions are 1.6 m m long and 7 mm large. This 20 Hz threshold was chosen because the v i b r a t i o n s o f t h e s k i n a r e too s u b s t a n t i a l a t any lower frequencies. This choice also means t h a t i t i s p o s s i b l e t o use t h e o r e t i c a l models of the photoacoustic e f f e c t based on the Rosencwaig-Gersho theory6. The m icrophone should be i n contact w i t h the gaseous volume s p e c i f i e d above by means o f a small acoustic pipe.
Having defined the dimensions which ontimize t h e s e n s i t i v i t y o f t h e c e l l , we must now consider the second aspect o f i t s conception : t o minimize t h e noise and synchronous background s i g n a l produced by the microphone. The synchronous background i s u s u a l l y the most d i f f i c u l t t o reduce. It can be generated by absorption o f l i g h t w i t h i n the c e l l by a body o t h e r than the studied sample, such as the sidewalls o r t h e microphone i t s e l f . Another synchronous background can be produced by the l i g h t modulator.
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol :1983668 Using an open c e l l r a i s e s problems o f damping e x t e r n a l sounds and v i b r a t i o n s . When the c e l l i s a p p l i e d t o the body under s c r u t i n y , the gaseous volume d e l i m i t e d by t h e c e l l and the surface being analysed must be p e r f e c t l y sealed w i t h regard t o t h e outs i d e atmosphere i n order t o o b t a i n a photoacoustic s i g n a l . As l o n g as t h i s hermetic seal can be achieved, i n s u l a t i o n a g a i n s t o u t s i d e sounds w i l l be sat.isfactory. On the o t h e r hand, i t i s imoossible t o i n s u l a t e the c e l l from t h e v i b r a t i o n s o f t h e body under scrutiny, the surface o f which i n e v i t a b l y forms one o f t h e i n t e r n a l w a l l s of t h e c e l l . It i s therefore e s s e n t i a l t o use a modulation frequency a t which the v ib r a t i o n s o f the s k i n a r e small, a l t h o u g h t i t must n o t be f o r g o t t e n t h a t as the mod u l a t i o n frequency r i s e s , t h e s i g n a l becomes weaker. It i s a l s o advantageous t o seek o u t zones o f s k i n where v i b r a t i o n i s weakest. I n s p i t e o f a l l these precautions, the l e v e l o f noise detected on t h e s u r f a c e o f t h e s k i n made t h e f i r s t photoacoustic c e l l s v i r t u a l l y impossible t o use.
MICROPHONE
F i g . 1 -The photoacoustic detector f o r s k i n spectroscopy I n order t o reduce the e f f e c t o f the s k i n v i b r a t i o n s on t h e measured s i g n a l , a d i ff e r e n t i a l method was applied, usinp a c l o s e -t a l k i n g microphone : t h e KnowlesBW1789. This microphone includes two sounds p o r t s , one on each s i d e o f t h e diaphragm, and the s i g n a l i t d e l i v e r s depends on t h e pressure d i f f e r e n c e between t h e two sides of t h i s diaphragm. The microphone i s f i t t e d t o t h e cutaneous detector, i n between two i d e n t i c a l c e l l s , one o f which i s closed by t h e l i g h t guide, t h e o t h e r b y a volumea d j u s t i n g screw. This screw should enable t h e responses o f t h e two c e l l s t o be' equal i z e d , a t t h e frequency i n use, so as t o minimize noise. The sketch o f t h e photoac o u s t i c detector i s shown i n Fig.1 
. I t s dimensions have been optimized according t o t h e c r i t e r i a s e t o u t above. It i s attached t o t h e surface o f t h e s k i n b y a double -
sided adhesive tape i n which two holes have been bored opposite t h e c e l l s , and t h e whole apparatus can be fastened t o t h e forearm by means o f an armband.
The c h a r a c t e r i s t i c s o f t h e detector enable the performance o f the photoacoustic spectrometer t o be considered, and w i l l be used f o r f e a s i b i l i t y studies o f the various a p p l i c a t i o n s which are considered. The s e n s i t i v i t y o f t h e detector was measured on a t h i n black body, obtained by blackening a p l e x i g l a s s holder over a flame. A t 20 hertz, the s e n s i t i v i t y o f t h e c e l l i s 430 pascals per watt, and expresses t h e r a t i o between the r.m.s. values o f v a r i a t i o n s i n acoustic pressure and i n c i d e n t l i g h t power. This s e n s i t i v i t y v a r i e s as a f u n c t i o n o f the modulation frequency. Thetheoret i c a l decrease i n l / f i s v e r i f i e d a t frequencies h i g h e r than 25 h e r t z , as could be foreseen from the s i z e o f the c e l l . A t lower frequencies
W h i l s t the c e l l was attached t o the forearm o f a volunteer, the noise l e v e l i s higher, whatever the frequency used, although a much more s u b s t a n t i a l l e v e l can be observed a t low frequencies (below 20 hertz), and t h i s i s due t o i n v o l u n t a r y movements of the forearm. 
-S e n s i t i v i t y t o noise density r a t i o as a f u n c t i o n o f t h e modulation frequency w i t h t h e detector attached t o a forearm (e) and i s o l a t e d (+-) F i g . 2 shows t h e s e n s i t i v i t y t o noise density r a t i o s corresponding t o the two foregoing s i t u a t i o n s . When the c e l l i s placed on an i s o l a t e d base, t h i s r a t i o reaches i t s maximum values a t 30 h e r t z (approximately 2000)
and 90 h e r t z (approximately 1500). 
When the c e l l i s attached t o a forearm, t h i s r a t i o i s , i n a t y p i c a l case, t e n time smaller, and has two maxima, one a t 25 h e r t z (about 200) and the other a t 80 h e r t z (about 120). The s e n s i t i v i t y t o noise density r a t i o i s poor a t low frequencies (40 a t 10 h e r t z ) and a t h i g h frequencies ( l e s s than 50 over 300 h e r t z ) . F i q . 3 gives the diagram of t h e complete spectrometer r e a l i z e d . The l i g h t source i s a 00 W xenon lamp w i t h a b u i l t -i n p a r a b o l i c r e f l e c t o r which i s suuplied e i t h e r w i t h a constant o r w i t h a sinusoSda1 c u r r e n t d e l i v e r e d by t h e power supply u n i t c o n t r o ll e d by a f u n c t i o n generator. When the lamp i s supplied w i t h a constant c u r r e n t the 1 i g h t i s modulated by t h e use o f a mechanical chopper placed before t h e monochromat o r o r the i n t e r f e r e n c e f i l t e r . The energy o f the light-beam produced i s 50 watts, o f which sore than 30 watts c o n s i s t o f i n f r a -r e d r a d i a t i o n s , which are f i l t e r e d o u t by a watertank 5 centimetres t h i c k w i t h quartz windows. The beam i s then focused by a UV s i l i c a lens, onto e i t h e r the entrance s l i t o f a holographic-grating monochromat o r , w i t h a l i g h t -g u i d e a t t h e e x i t s l i t , o r d i r e c t l y on the l i g h t guide placed be
The c h a r a c t e r i s t i c s o f the cutaneous d e t e c t o r and t h e thermal p r o p e r t i e s of s k i n enable one t o envisage the p o s s i b i l i t y o f t a k i n g cutaneous measurements. The t h e rmal e f f u s i v i t y o f s k i n i s close t o t h a t o f water7
, and the maximum photoacoustic s ignal measured a t the surface of the s k i n ought t o be about three times weaker -r a t i o o f t h e thermal e f f u s i v i t i e s -t h a n the signal produced by the reference mentionned i n the previous chapter. The r a t i o s o f the saturated signal t o noise r e l a t i v e t o i n c ident l i g h t energy o f 1 m i l l i w a t t and a bandwidth o f 1 h e r t z should t h e r e f o r e be 70 a t 25 h e r t z and 25 a t 80 hertz.
The mean energy a v a i l a b l e i n UVB (280-320 nm) and UVC (200-28D nm) r a d i a t i o n , correl a t e w i t h i n t e n s i t i e s o f more than 100 watts Der square metre and the e f f e c t o f these i n t e n s i t i e s on the exposed areas must be c a r r e f u l l y c o n t r o l l e d . I t i s w e l l known t h a t such r a d i a t i o n gives r i s e t o numerous photobiological reactions, such as t h e i n h i b i t i o n o f n u c l e i c a c i d and p r o t e i n synthesis, t h e i n d u c t i o n o f s k i n cancer, and the formation o f erythemas8.
WAVELENGTH (nm)
F i g . 4 -I n v i v o photoacoustic spectrum o f human epidermis : non corrected spectrum ( -) and spectrum corrected from v a r i a t i o n s o f the l i g h t i n t e n s i t y v e r s u s wavelength (+-A). The i n s e r t shows t h e s i g n a l a t 470 nm recorded during 5 minutes. 80 Hz ; 16 nm ; 10s. The p r e l i m i n a r y experimental r e s u l t s we present were obtained on t h e forearm o f volunteers who remained s t a t i o n n a r y throughout the measurements. F i g . 4 shows the photoacoustic spectrum o f t h e s k i n measured i n vivo. The non-corrected soectrum i s shown, as w e l l as the signal a t 470 nm recorded during 5 minutes, i n order t o give prominence t o t h e good s i g n a l t o noise r a t i o we obtain. The spectrum corrected from t h e wavelength v a r i a t i o n s o f l i g h t i n t e n s i t y reveals, f o r the f i r s t time, the abs o r p t i o n band o f p r o t e i n s a t about 280 nanometres as measured i n v i v o and can be w e l l comnared w i t h transmission spectrum o f human stratum corneum o r epidermis obtained i n v i t r o by transmission spectroscopy using i n t e g r a t i n p soheresg o r photoac o u s t i c spectroscopy1. According t o the thermal d i f f u s i v i t y o f the outermost l a y e r s of the s k i n 0,5.10-3 square centimetre per second and t o theused modulation frequency 80 hertz, the depth o f t h e s k i n l a y e r which gives r i s e t o the measured signal i s about 15 micrometres, corresponding t o stratum corneum only. Fig. 5 shows the photoacoustic spectrum o f merbromin (dibromohydroxyrnercurifluoresc e i n disodium s a l t ) on the skin. The spectrum obtained on the untreated s k i n i s shown f o r comparison, as w e l l as the photoacoustic spectrum o f the used merbromin aqueous s o l u t i o n ( 2 %), measured w i t h our conventional photoacoustic snectrometer and quantized according t o a p r e v i o u s l y described m e t h o d~l o g y '~.
